et al13 noted gastric contents to be not only acidic, but also sterile upon admission to the ICU. Within 48 h after a rise in intragastric pH value, multiple organisms, including enteric Gram-negative bacteria, were cultured from gastric aspirates. Increased gastric microbial growth associated with increased gastric pH value occurs in several important clinical situations. Drugs such as antacids or H2-antagonists administered for stress ulcer prophylaxis can increase gastric pH with resultant gastric colonization.6 Enteral nutrition is also associated with gastric colonization.514 We have previously described an 100% incidence of gastric colonization in 18 mechanically ventilated patients receiving continuous enteral nutrition.5
As gastric pH is thought to be an important etiologic mechanism in the development of gastric colonization with the potential for development of nosocomial pneumonia in enterally fed patients, strategies to lower or maintain an acid gastric pH have been described. These include the use of nonalkalinizing ulcer prophylaxis, acidified enteral feedings, and intermittent feeding schedules.6"14"15 19 Other methods aimed at decreasing gastric colonization regardless of pH have included subglottic drainage and selective digestive decontamination. 20, 21 Heyland et al19 evaluated the effect of acidified gastric feedings (pH, 3.5) as compared with nonacidified gastric feeds (pH, 6 .5) in critically ill patients. Gastric pH and gastric microbial growth decreased in seven of eight patients receiving acidified enteral nutrition. An intermittent feeding schedule (16 of 24 h) has also been reported to decrease gastric microbial growth by decreasing gastric pH. Lee and Jacobs15 described an intermittently low gastric pH (<3.5) in 23 of 26 patients receiving intermittent enteral feeding as compared to 11 of 24 patients receiving continuous 24-h feeding. The incidence of clinically diagnosed nosocomial pneumonia was less (3/26) w-vith intermittent feeding as compared to those patients receiving continuous feeding (13/24). Of note, only 1 of the 11 patients with low pH on continuous feeding was diagnosed as having pneumonia. These data are difficult to interpret as the study used an historic cohort for comparison purposes, gastric culture data were not described, and the study was unblinded.
The purpose of this preliminary study was to evaluate the effect of an intermittent feeding regimen on gastric pH and quantitative gastric cultures in mechanically ventilated patients previously receiving continuous enteral feeding (CEF) to verify the hypothesis that intermittent enteral feeding (IEF) lowers gastric pH and effectively clears any existing gastric microbial growth.
MATERIALS AND METHODS

Patients
Thirteen mechanically ventilated patients in the medical ICU at the University of Kansas Medical Center wvere studied. Inclusion criteria included presence of a nasogastric tube of 12F or greater diameter (minimum size required for sample aspiration), CEFs that were well tolerated for more than 48 h, and the expectation that nutritional and ventilatory support would continue throughout the 6-day study period. Exclusion criteria included a history of peptic ulcer disease, current upper GI bleeding, prior gastric surgery, or feeding tube placement beyond the pylorus as determined by portable upright chest radiograph routinely done prior to initiating feedings. No antacids, cimetidine, or imiprazole was given for stress ulcer prophvlaxis. Ranitidine (n=6) was administered according to the attending physician's discretion and treatment with it was continued without alteration in dosing regimen throughout the study. All patients except one (patient H) were receiving antibiotics at the time of the study.
Sample Collection
All samples were collected using sterile technique after cleansing the outside of the feeding tube with povidone-iodine (Triad Medical Inc; Franklin, WVis), and flushing the tube with 10 mL of sterile saline solution. The initial 10 mL of aspirate was discarded, and the folloxving 5 to 20 mL ofgastric aspirate was placed in a sterile container and sent to the Infectious Disease Research Laboratory for quantitative culture. Samples collected on weekends Nvere placed in an equal amount of storage media and frozen at -70°C until cultures could be performed. Previous studies have shown no difference in quantitative culture results between specimens immediately inoculated and those frozen using this technique. 6 All samples were tested for pH using pH paper (Gastroccult;
SmithKline Diagnostics Inc; San Jose, Calif) at the bedside. When sample size Nvas sufficient (33/72 or 46% of samples), pH was determined by pH meter (Coming Model 7*; Coming Inc; Coming, NY) as well. In patients receiving ranitidine, all specimens for pH testing and culture were collected within 2 h before the next dose. Initial gastric aspirates for culture and pH were obtained after at least 48 h of CEFs. The feeding regimen was then changed from a continuous to an intermittent schedule. Intermittent feeding was adminiistered over 16 h each day, from 8 AM to midnight. Feeding times were confirmed by daily nursing records. No enteral feeding was given from midnight to S AM. Gastric aspirates wvere obtained daily prior to the start of feeding (8 AM) for 5 consecutive days.
To ensure that cultures reflected gastric microbial growth and not tube contamination, a protected specimen BAL catheter (Mill Rose Laboratories Inc; Mentor, Ohio) was placed through the feeding tube in eight of the samples (three patients). Direct aspirates using the study technique were also obtained on these days. Gastric pH was tested on both "protected" and "direct" specimens, and both were sent for quantitative cultures.
Culture Techniques
All samples were diluted in trypticase soy agar containing 16% glycerol. Samples lated on gastric cultures (Table 3 ). The mean number of isolates per patient on day 5 of IEF was 1.0±0.4. Eight patients demonstrated more than one organism per culture at some time during IEF. Most patients (9/10) with positive cultures on CEF and IEF maintained growth of the initial organism. In six of these patients, one or more additional organisms were isolated while receiving intermittent feeding.
Total Number of Organisms
The total number of organisms from initial aspirates on CEF did not decrease with IEF (8.7x105±4.7x 105 cfu/mL with CEF vs 7.8x105+5.2x105 cfu/nL on day 5 of IEF (p>0.05) (Fig 1) . The total number of organisms recovered was similarly unaffected by H2 blocker therapy (l.0x106-9.9x IO cfu/mL with CEF and H2 blockade vs 7.6xj05+2.9xj05 cfu/mL with CEF and no H2 blockers) (p>0.05). The number of organisms with IEF recovered from patients in both groups showed no significant change from CEF values. While intermittent feeding did not appear to affect total organism growth, gastric pH did significantly affect growth (p=0.003) (Fig 2) .
Gram-Negative Rods
Thirty-eight percent (5/13) of patients developed new growth of Gram-negative rods that were not present on initial cultures. Twenty-five percent of all the isolates on CEF were Gram-negative rods; this increased to 40% of all species recovered on IEF. The total number of Gram-negative rods, however, did not change with IEF, 3.2x10+1.8x 105 cfu/mL with CEF vs 5.6x105±3.8xj05 cfu/mL on day 5 of IEF (p>0.05) (Fig 1) .
Protected Samples
Protected catheter samples produced identical types of organisms with one exception (patient 5) in similar amounts when compared with their direct aspirate counterparts (Table 4) . DISCUSSION The results of this preliminary study indicate that utilization of an intermittent 16-h enteral feeding regimen in mechanically ventilated patients previously receiving continuous enteral nutrition is not associated with a decrease in gastric pH or a clearing of gastric microbial growth. Although most patients (11/13) results in our patients. It seems likely that the culture data are an accurate representation ofgastric microbial growth, as protected specimen cultures were essentially identical to the direct aspirate cultures.
The present study is in agreement with our previous work evaluating the effect of continuous enteral nutrition on gastric colonization.5 In the 18 mechanically ventilated patients studied previously, ages and diagnoses were similar to those of the current study, as was initial gastric pH and microbial growth. Mean gastric pH before the institution of enteral nutrition was 5.4 and did not significantly change with enteral feeding. All 18 patients developed gastric microbial growth on continuous enteral feeding as did 85% of the current study population.
We also found a significant correlation between decreased gastric pH and decreased gastric microbial growth, in agreement with prior work by other investigators.12'13 Our data are not in agreement, however, with previously reported data that suggested JEF is associated with clearing ofgastric colonization. 14,15 The previously reported successes of IEF in clearing gastric colonization and decreasing the incidence of clinically diagnosed nosocomial pneumonia were accompanied by a decrease in gastric pH.'14"5 Interestingly, 11 of24 patients receiving CEF in the studyby Lee and Jacobs' also had decreased gastric pH (<3.5) and a decreased incidence of pneumonia as well. In our study, however, intermittent feeding did not consistently produce a decrease in gastric pH, and we speculate that this is the reason IEF also did not result in a decrease in gastric microbial growth.
Several factors may have contributed to the persistently elevated gastric pH values in our patients receiving IEF. Our patients were older with multiple intercurrent medical problems. The mean age of our patient population was 55 years, while Lee and Jacobs15 studied a much younger population with a mean age of 40 years. Our patient population consisted primarily of severely ill medical ICU patients, while other studies have involved a combination of trauma, postsurgical, and medical ICU patients.5 '8"12"14'17 It is likely that the multiple system dysfunction seen in a critically ill medical ICU 2Population affects gastric exocrine function as well.2 Gastric pH data in this study also essentially mirror our previous experience.5 We believe the pH determinations in our study were accurate given the similarities between pH meter and pH paper (Gastroccult) determinations. The relative number of recovered Gram-negative species increased with IEF. It is unclear whether this was a direct effect of intermittent feeding. It is possible that this simply represents changing flora related to prolonged hospitalization. New Gram-negative growth was found, however, in patients after both prolonged hospitalization (204 days) and relatively brief hospital stays (4 days) prior to the start of the study. It should be noted that these results agree with our previous data in which, with the institution of continuous enteral nutrition, a significant increase in Gram-negative organisms occurred by day 3.5 This suggests that either continuous or intermittent enteral nutrition may play an etiologic role in the appearance of Gram-negative microorganisms in the stomach. Recently, the importance of gastric microbial colonization in the pathogenesis of nosocomial pneumonia has been questioned. Palmer and associates9 found gastric organisms were transferred to the trachea in only 3 of 14 cultures (<3%) in patients receiving longterm ventilatory assistance. Bonten et al,10 in a noncontrolled study in an ICU population, found 30% of species (6/20) associated with nosocomial pneumonia were cultured from gastric samples. However, a gastric to trachea sequence of transmission could not be determined in any instance. These data are difficult to interpret adequately since semiquantitative, not quantitative, cultures were performed and more importantly, the cultures were obtained in a twice weekly, not daily, fashion. Gastric colonization clearly occurs in an ICU population.3-8 The magnitude of the stomach's role in the development of nosocomial pneumonia requires continued study with rigorous methods. Our present study was not designed to answer this controversy. Previous methodologically rigid data do suggest that a portion oforganisms subsequently colonizing the trachea that cause nosocomial pneumonia originates in the stomach. 5 8 We view data from the present study as preliminary.
The patient numbers were small and the studywas case controlled. To establish conclusively the lack of benefit with IEF on gastric pH and cultures, larger numbers of patients should be studied with a control group receiving CEF. Completely controlled groups may be impossible as different feeding schedules would be difficult to blind.'7 Finding a mechanically ventilated patient matched identically but for the feeding schedule would likewise be very difficult. Future studies in which intermittent feeding is begun first and then changed to continuous feeding might also be helpful to determine if patients with low gastric pH with IEF maintain gastric acidity with CEF. It is also possible that other aspects of feeding schedules, apart from any effect on gastric microbial growth, may positively or negatively impact on the incidence of nosocomial pneumonia. Increased flow rates required to administer feedings in a shorter time frame may increase risk of subsequent aspiration.16 18, 23 Altematively, patient position has been shown definitively to affect aspiration rates.' Strict patient positioning with the head elevated during feeding may be implemented more effectively during shorter, intermittent, or even bolus schedules. However, further study in this area is necessary to evaluate effectively the value ofIEF in the development of nosocomial pneumonia.
We do believe our study is of value despite its preliminary nature. We designed our study to determine ifprior studies concluding IEF was beneficial in decreasing gastric colonization could be reproduced wvith more rigorous methods. Our study found no beneficial effect of IEF to decrease gastric pH thereby clearing gastric microbial growth. This has not been the case, however, in prior studies that have shown decreased gastric pH both while continuous feeds are in progress, and after documented gastric microbial growth.'4"7
In conclusion, our preliminary data indicate that IEF does not consistently reduce gastric pH or gastric microbial growth in medical ICU patients. Future studies will be necessary to confirm or refute the role of IEF in the development of nosocomial pneumonia in mechanically ventilated patients.
